Objective: Despite a growing prevalence of hypertension, young adults (18-39-year-olds) have lower hypertension control rates compared with older adults. The purpose of this study was to evaluate the role of sociodemographic factors in hypertension control among young adults with regular primary care access.
INTRODUCTION

I
t is well established that hypertension is the leading preventable cause of death in the United States, associated with premature cardiovascular disease (CVD), stroke, heart failure, and chronic kidney disease [1, 2] . According to the American Heart Association's Heart Disease and Stroke Statistics, almost 15% of young adults (18-39 years old) have prevalent hypertension [3] , using the definition of at least 140/90 mmHg, with an expected rise in prevalence with the new US hypertension guidelines [2] . Achievement of hypertension control reduces an individual's risk for hypertension-related morbidity and mortality. However, even with the prior hypertension definition (!140/90 mmHg), young adults had lower hypertension control rates (35%) when compared with adults at least 40 years old (56%) [4] .
The majority of young adults with uncontrolled hypertension see their providers more than once a year, signifying barriers to hypertension control beyond access to care [5, 6] . Understanding barriers specific to this young adult population is an important step to develop effective hypertension interventions. Other researchers have identified sociodemographic characteristics (e.g. sex, race, ethnicity, language) as a hypertension control barrier [7] [8] [9] [10] [11] [12] [13] [14] . However, research has been primarily limited to middle-aged and older adults [11] [12] [13] and younger adults without health insurance and/or without a primary care home [15, 16] . Therefore, the objective of this study was to evaluate the relationship of sociodemographic characteristics to hypertension control rates among young adults with incident hypertension and regular primary care access. There are multiple current initiatives to improve hypertension control for patients with primary care access, focusing on the dissemination of clinical best practices such as the Million Hearts initiative by the US Department of Health and Human Services [17, 18] . Our research facilitates these efforts by identifying barriers unique to subsets of young adults, providing a foundation for healthcare systems to develop improvement projects in this important population.
METHODS
Sample
The University of Wisconsin-Madison Health Sciences Institutional Review Board approved this study with a waiver of written informed consent. This retrospective cohort analysis used electronic health record data of patients with uncontrolled hypertension from a large, Midwestern, multidisciplinary academic group practice. To construct the sample (Fig. 1) , we identified all patients who met criteria defined by the Wisconsin Collaborative for Healthcare Quality (WCHQ) [19, 20] for being 'currently managed' in the healthcare system between 1 January 2008 and 31 December 2011. WCHQ is a voluntary consortium of Wisconsin healthcare organizations committed to publicly reporting performance measures of quality and affordability of healthcare services [21] . As per WCHQ criteria, eligible 'currently managed' patients had to have at least two billable office encounters in an outpatient, nonurgent, primary care setting, or one primary care and one office encounter in an urgent care setting, in the 3 years prior to study enrollment, with at least one visit in the prior 2 years
Patients who met both WCHQ* currently managed criteria and JNC 7 clinical hypertension criteria (n = 14 974)
Excluded:
• Lack of a baseline hypertension diagnosis (n = 10 088)
• Less than 6 months follow-up [22]. Electronic health records were assessed for the date that a patient met the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) criteria for a new diagnosis of hypertension [1] (incident hypertension), meaning they had not received a previous diagnosis of or treatment for hypertension. JNC 7 criteria were used as they were the established US hypertension guidelines during the reporting period. A patient was determined as meeting hypertension eligibility criteria based on electronic health record data if there were at least three elevated outpatient blood pressure measurements from three separate dates, at least 30 days apart, but within a 2-year span (SBP !140 mmHg or DBP !90 mmHg) or two elevated blood pressures [23, 24] (SBP !160 mmHg or DBP !100 mmHg), at least 30 days apart within a 2-year period [25] [26] [27] [28] [29] . The blood pressures within the administrative data were acquired using a guideline-based [30] protocol, automated blood pressure machines, and appropriate sized cuffs. Patients had to be seated quietly for at least 5 min in a back-supported chair, with feet flat on the floor and arm supported at heart level. If the initial blood pressure was at least 140/90 mmHg, an additional measurement was acquired at least 2 min later during the same visit and the average blood pressure was used [25, 30] . Hospital and emergency department blood pressures were excluded to avoid falsely elevated blood pressures. After meeting criteria for incident hypertension, patients were then excluded if they did not receive an electronic health record diagnosis of hypertension based on the Tu criteria [31] , had less than 6 months of follow-up, or were at least 40 years old (Fig. 1) . The Tu algorithm for administrative data was used to define patients who have been diagnosed with hypertension using the following ICD-9 codes [32] : 401.x (essential hypertension), 402.x (hypertensive heart disease), 403.x (hypertensive renal disease), 404.x (hypertensive heart and renal disease), and 405.x (secondary hypertension).
Each patient meeting all eligibility criteria received an 'index date' (the first date all criteria were met). A 365-day period prior to this index date was the 'baseline period' to assess patients' comorbidities and healthcare utilization. Patients were followed for 24-months to account for less frequent ambulatory visits within 1 year among younger populations [25] . Patients continued to accrue time in the study from the index date until they achieved the primary outcome (hypertension control) or were censored [death, end of primary care management, pregnancy, or end of study (24 months) ]. Censoring for 'end of primary care management' accounted for disruptions in healthcare access in this young population (e.g. change in insurance, residence). Patients who were pregnant during the study were excluded 1 year before, during, and 1 year following pregnancy using a modified Manson approach [33] (n ¼ 33; 1.03%).
Primary outcome variable
The primary outcome was time (days) from the index date to achieving hypertension control over 24 months, defined as the first of three consecutive normal blood pressures (<140/90 mmHg) on three separate health system dates [28] . To account for blood pressure variability, multiple clinic blood pressures were used to define hypertension control as 24-h ambulatory blood pressure monitoring data was not available. Results are reported in months.
Primary explanatory variables
Patient sociodemographic characteristics were obtained from the electronic health record during the baseline study period. On the basis of prior research [34, 35] , sex was our primary explanatory variable. Patients self-identified their sex; male or female were the electronic health record choices available at the time of the study. Other sociodemographic variables included age at cohort entry, marital status (single, married, divorced, or widowed), ever receiving Medicaid (yes or no), and race/ethnicity. In the US, Medicaid is a joint federal and state program that provides funding for medical and health-related services for US citizens and permanent residents with low income and/or disabilities. Prior studies have used Medicaid coverage as a proxy for individual socioeconomic status in the US [36] [37] [38] . Race/ ethnicity was included because of the increased prevalence of hypertension among young African-Americans [39] . All of the patients self-classified their race/ethnicity in the electronic health record [white, black, Asian, Hispanic/Latino, Other (Native Hawaiian, Pacific Islander, multiracial), or unknown].
Other explanatory variables
Patient and provider variables representing barriers to hypertension control were selected based on an established conceptual model for clinical inertia [40] . Other patientrelated factors included BMI, baseline tobacco status, and comorbidities. Patients' self-reported tobacco status was updated at every face-to-face ambulatory, urgent care, and emergency department visit per health system policy. Current tobacco use was defined as any use of cigarette, cigar, or pipe use over the past 12 months [41] . Former tobacco use was the cessation of any inhaled tobacco products for at least 12 months [41] . The classification of 'Never' tobacco use was defined as no lifetime use of inhaled tobacco product [41] . This analysis did not include passive tobacco use or vaping products. Patient comorbidities were assessed at baseline using the following established algorithms: hyperlipidemia (ICD-9 codes: 272.0-272.4) [42] [46] , stroke/ transient ischemic attack [47] , collagen vascular diseases [48] , thyroid diseases [46] , congestive heart failure, and deficiency anemias [46] ; because of their low prevalence, we created an indicator variable for the presence of any of these conditions. Patients' morbidity burden can predict healthcare utilization, which may influence diagnosis and antihypertensive medication initiation rates [49, 50] . Therefore, we used the Johns Hopkins Adjusted Clinical Group (ACG) Case-Mix System (version 10.0), which assesses morbidity burden to predict future healthcare utilization [50, 51] . The ACG risk score was selected because our study sample contains a diverse mix of government-insured and privately-insured ambulatory young adults. An ACG risk score of 1.0 represents expected healthcare utilization on an individual-level according to the patient's age and sex [51] . The number of primary care, specialty, and urgent care visits were measured in the baseline period. Primary care visits included physician, nurse practitioner, and physician assistant visits in Family Medicine/Family Practice, Internal Medicine, and lower prevalence primary care specialties (Obstetrics/ Gynecology, Pediatrics/Adolescent Medicine) to reflect broader primary care options in this younger population.
Patients were assigned to the primary care provider they saw most frequently in outpatient face-to-face Evaluation & Management visits, as reported in professional service billing [22] . Statistical models also controlled for providers' specialty (Internal Medicine, Family Medicine/Family Practice, Other) and sex, which were obtained from human resource data.
Statistical analysis
Analyses were conducted using SAS 9.1.3 (SAS Institute, Inc., Cary, North Carolina, USA) and Stata 13.1 (Stata-Corp, College Station, Texas, USA). Categorical variables were summarized using percentages; continuous variables were summarized using means (standard deviations). KaplanMeier survival curves were computed by sex to evaluate the probability of achieving hypertension control as a function of time since meeting criteria. A multivariable Cox proportional hazards regression analysis was conducted using robust estimates of the variance to obtain adjusted hazard ratios and 95% confidence intervals (CIs) for explanatory variables associated with achieving hypertension control by sex. Tests were considered significant at P < 0.05. The proportional-hazards assumption for the model was tested using a generalized linear regression of the scaled Schoenfeld residuals on functions of time [52] . Interaction testing between sex and race/ethnicity was performed.
RESULTS
Descriptive data
Overall, 3208 patients met inclusion criteria (Fig. 1) . Table 1 summarizes this study population by sex. Among young adults with incident hypertension [mean age 31, standard deviation (SD) 5.5 years; 58% men], 78% had stage 1 (mild) hypertension [1] , and 58% were obese (BMI !30 kg/m 2 ). At baseline, compared with men, women were more likely to be obese, have diabetes mellitus, anxiety and/or depression, a low prevalence condition, and/or reported Medicaid use. Young women were also more likely to have a female provider, higher rates of urgent care use, and a higher ACG healthcare utilization score. Young men were more likely to be married, have higher baseline blood pressures, and current or former tobacco use.
Incident hypertension control rates by sex
Among all patients 18-39 years old, only 48% (n ¼ 1525) achieved hypertension control within 24 months after meeting criteria for incident hypertension. Kaplan-Meier curves (Fig. 2) demonstrated that female young adults had a higher rate of hypertension control (57%; n ¼ 765) compared with men (41%; n ¼ 760). Among patients who achieved control, the median (25th-75th percentile) time to control among women was 6.9 (3.2-13.0) months compared with men at 9.4 (4.5-16.7) months.
Sociodemographic predictors and time to hypertension control
Unadjusted Cox proportional hazards models (Table 2) demonstrated that young men with incident hypertension had a significantly lower rate of achieving hypertension control (hazard ratio 0.52; 95% CI 0.47-0.58) compared with women. After adjustment, young men had a 39% lower rate of hypertension control compared with women (hazard ratio 0.61; 95% CI 0.55-0.69). Among other sociodemographic variables, being unmarried (hazard ratio 0.87; 95% CI 0.78-0.98) and a non-English primary language speaker (hazard ratio 0.47; 95% CI 0.37-0.60) predicted lower hypertension control rates among young adults.
Higher hazard ratio (hazard ratio 0.86; 95% CI 0.77-0.95) predicted lower rates of hypertension control. Predictors of higher hypertension control rates were any previous Medicaid use (hazard ratio 1.35; 95% CI 1.18-1.54), mild (stage 1) hypertension (hazard ratio 1.35; 95% CI 1.18-1.54), presence of anxiety and/or depression (hazard ratio 1.21; 95% CI 1.07-1.37), higher ACG co-morbidity scores (hazard ratio 1.09; 95% CI 1.04-1.13), and more frequent primary care (hazard ratio 1.08; 95% CI 1.06-1.10) and specialty clinic visits (hazard ratio 1.11; 95% CI 1.08-1.14). There was not a significant interaction between sex and race/ethnicity (hazard ratio 0.97; 95% CI 0.74-1.27; P ¼ 0.814). Provider factors (sex and specialty) were not significant predictors for hypertension control among young adults.
DISCUSSION
Our findings demonstrate significant sex disparities in hypertension control rates among young adults with incident hypertension and regular primary care use. Despite the higher prevalence of hypertension among young men [53] , young women achieved higher rates of control over 2 years. This sex difference remained a significant predictor of hypertension control even after adjusting for co-morbidities, behavior risk factors such as tobacco use, and healthcare use. Interestingly, data from the National Longitudinal Study of Adolescent to Adult Health (Add Health Study) [54] demonstrated that young women are more likely to be aware of their hypertension and have more frequent healthcare access for birth control and gynecological services [55] . In our young adult population, there was not a significant difference in primary and specialty care use between young men and women; yet, women had higher rates of urgent care use. Our analysis also demonstrated that young women had higher ACG healthcare utilization scores demonstrating greater co-morbidity burden including diabetes and mental health conditions. Therefore, this study highlights that sex is an independent contributor to lower hypertension control among young adults beyond primary care clinic visits. One explanation may be the higher prevalence of more severe (Stage 2) hypertension among young men in our population compared with women. A pathophysiologic contributor may be the higher prevalence of current and former tobacco use among young men compared with women; however, other biological sex differences have been suggested, such as sex steroid hormone profiles [35, 56, 57] . We did not find a significant interaction between sex and race/ethnicity; however, we had limited power and larger studies are needed for more robust interaction analysis.
In our study, marital status was another independent sociodemographic predictor of lower hypertension control rates among young adults, which is supported by earlier research [12] . Prior studies in predominantly older adults and/or populations outside the Unites States have also suggested that marital status modifies sex differences in hypertension awareness and control [34] . These studies have demonstrated that single individuals are less likely to be aware of hypertension and support our findings that they are also less likely to achieve control [34] . Our data strengthens prior hypotheses that marriage may be protective against adverse health outcomes [58] ; however, additional research is needed in the young adult population. (45) 544 (29) 914 (69) <0.001 n, numerator; SD, standard deviation. P value in bold represents significance at less than 0.05. a Non-white: black, n ¼ 258 (8.0%), Asian, n ¼ 53 (1.7%), Hispanic/Latino, n ¼ 102 (3.2%), American Indian/Alaska native, n ¼ 13 (0.4%), Native Hawaiian/Pacific Islander, n ¼ 31 (1.0%).
b On Medicaid during the baseline or study period. c Due to low prevalence, an indicator variable was created for the presence of any of the following: atrial fibrillation, chronic pulmonary disease, stroke/transient ischemic attack, collagen vascular disease, deficiency anemias, congestive heart failure, chronic kidney disease, thyroid disorders. Another concerning finding is that young adults with a non-English primary language were 53% less likely to achieve hypertension control. Our findings are supported by Multi-Ethnic Study of Atherosclerosis (MESA) data, which demonstrated that participants who spoke Spanish at home had lower control of multiple cardiovascular risk factors, including hypertension [59] . This finding is also partly explained by our prior analysis among undiagnosed young adults, which demonstrated that a non-English primary language was associated with a slower rate of receiving a hypertension diagnosis [25] . Our current analysis only included young adults with a prior hypertension diagnosis, demonstrating that additional barriers exist beyond awareness of hypertension.
Young adults have persistently low hypertension control rates [39] ; however, there is a paucity of effective and sustainable interventions. This is concerning, given the increased prevalence of hypertension with new US hypertension guidelines [2] . Our findings demonstrate that within young adult populations, addressing sex disparities, nonEnglish language speakers, and those with limited social support (single) may improve control. It is important to note that this population already had a hypertension diagnosis and routine primary care access, with multiple contact visits. Additional hypertension outreach beyond healthcare access is critical to address sociodemographic barriers to hypertension control.
An important strength of this study was the ability to analyze a large sample of young adults with incident hypertension with regular primary care in a large multispecialty group practice. The findings may not be generalizable to young adults without healthcare access because of lack of insurance or transition states (e.g. move, employment). The use of data from a single healthcare system may also limit the generalizability as treatment patterns may differ across systems and regions. However, this healthcare system is one of the 10 largest physician practices in the United States, including over 300 primary care physicians and 43 primary care clinics. Our sociodemographic analysis lacked some variables including income, education, and alcohol use, which may be related to our findings; however, this analysis included numerous covariates including comorbidities, patient utilization, and provider data, which improves the validity and clinical applicability of our study. The use of retrospective administrative data has known limitations, including the potential for misclassification of diagnoses. However, validated algorithms were used to identify hypertension and other comorbidities. Finally, we had a small sample size of young adults across different races/ethnicities, limiting our power to analyze sex and race interactions.
In conclusion, persistently low-hypertension control rates among young adults, with an increasing prevalence of hypertension, highlights an urgent need to develop sustainable, effective interventions for this challenging population. Sex disparities, language barriers, and home support (represented by marital status) are important barriers to hypertension control in young adults, even with regular primary care access. Tailoring The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health. The funders did not play any role in the study design; in the collection, analysis, or interpretation of the data; in the writing of the manuscript; or in the decision to submit the article for publication.
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